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Introduction
Dark matter represents 85% of all matter in the Universe, affecting the formation of large scale structures, influencing the motion of galaxies and clusters, and bending the path of light. Yet, we do not know much about its nature and properties. In the early Universe, dark matter particles such as the WIMPs (Weakly Interacting Massive Particles) are assumed to have been in full thermal equilibrium with the standard model (SM) particles at sufficiently high temperatures. Since the particle density is high, they can easily interact with one another. As the Universe expands, it gets less dense and cools down, which makes the interactions between particles less likely and the particle abundance freezes-out. Thus, dark matter particle annihilation is greatly suppressed but a relic density remains and dark matter particles still annihilate and may be observable in rich and dense regions such as dwarf galaxies or the Galactic center. Dark matter would then send some indirect signals by pair-annihilating and creating SM products, which might be detected. Among these particles used as probes for indirect dark matter searches are γ-rays. High-energy γ rays offer several advantages: they are not deflected by the Galactic magnetic field, so that their source can be well localized in the sky. In addition, γ rays do not undergo as much attenuation as the charged particles while propagating. This allows us to point directly our γ-ray telescopes to the sources to look for signals reaching the Earth. The differential γ-ray flux (in γ · m −2 · s −1 · GeV −1 ) produced by dark matter annihilation in dwarf galaxies, assuming WIMPs are Majorana particles, is written as:
and J by
The first term is the normalization containing the DM mass m χ and its annihilation cross section averaged over the velocity distribution σ v . The second term is defined as the particle physics factor dΦ PP /dE which encloses the differential spectrum dN f γ /dE γ of each annihilation channel f ponderated by their branching ratio B f . These differential spectra correspond to the number of γ rays emitted per annihilation per energy range. The last term is called the astrophysical J factor describing the amount of dark matter annihilations occurring within the sources. This component holds the dark matter density profile ρ DM squared, as a function of the distance r from the center of the galaxy. This squared density is then integrated along the line of sight (los) and over the solid angle ∆Ω. The solid angle corresponds to the field of view over which γ-ray telescopes (e.g. H.E.S.S.) observe the sky. This proceeding focuses on a new kind of target to probe dark matter: dwarf irregular galaxies. Dwarf irregular galaxies (dIrrs) are very promising targets as they possess a J factor in the order of ∼ 10 17 GeV 2 .cm −5 . So far 36 of them have been optically observed within a distance of 11 Mpc and an extension of their halo of 0.3 • < θ halo < 3 • . These objects are rotationally supported with relatively simple kinematics. They are assumed to be dark matter dominated objects at all radii, even in their central part [1] . dIrrs offer the advantage to have well-constrained rotation curve which leads to an actual measured J factor (not a prediction) with very small uncertainties. Another property of these dwarf galaxies is their star-forming region, below 0.1 • , at their center. The HAWC experiment published a study of irregular galaxies [1] and set limits on the DM annihilation cross section using these galaxies. In 2018, the H.E.S.S. experiment observed one these dIrrs called WLM (Wolf-Lundmark-Melotte) which makes H.E.S.S. the first IACT (Imaging Air Cherenkov Telescopes) to observe this new kind of sources.
H.E.S.S. is a Cherenkov telescope array located in central Namibia in the Khomas Highland plateau area, at around 1,800 meters above sea level. The original array consists of 4 small-sized telescopes (CT1-4) with 12-meter reflectors. Each of these reflectors is made of hundreds of spherical mirrors, concentrating the faint flashes on a camera installed in the focal plane of the telescope. These telescopes detect brief flashes of Cherenkov radiation generated by very high energy γ rays of ∼ 100 GeV up to ∼ 100 TeV. In 2012, a fifth, 28-meter telescope (CT5) was added to the array with an improved camera allowing detection at a lower threshold of ∼ 30 GeV.
Properties of WLM
WLM is a dwarf irregular galaxy located at (l = 75.86 • , b = -73.62 • ) at 1 Mpc from the Milky Way. It possesses a star-forming region at its center and is isolated from other astrophysical sources. This dwarf possesses excellent HI data with a smooth HI distribution and a well-measured photometry and stellar kinematics [4] [5] with an extension of its halo of r halo = 49.4 kpc (θ halo = 2.89 • ). WLM is rotationally supported with no significant non-circular motions in the gas. A smooth rotation curve of this galaxy can then be derived, which is well-constrained from these measurements, and implies WLM is DM dominated [4] .
DM distribution
The DM distribution in WLM can be well represented by a coreNFW profile [5] that writes:
This new profile takes into account the history of the stellar component within the galaxy which is still active and impacts the DM distribution. ρ NFW is the original NFW profile, M NFW is the mass of the galaxy at some radius r and f n is responsible for generating a shallower density profile at radii r < r c , with r c being the core radius and where n is a coefficient tied to the total star formation time. Fitting the results of an MCMC on the coreNFW profile parameters, we derive a J factor of log 10 J (GeV 2 .cm −5 ) = 16.6 ± 0.037 ( Fig. 1 ) based on the DM profile derived in [5] . WLM represents a very promising target among the dIrrs as it possesses one of the highest J factor with extremely small uncertainties compared to those of some other dIrrs (eg. Aquarius). 
Observations and data analysis
In 2018, H.E.S.S. collected about 19 hours of data towards WLM with an offset of 0.5 • and 0.8 • .
We perform the analysis of this dataset in order to identify a potential signal from DM. As the signal-to-noise ratio gives a maximum at an extension of 0.08 • , this analysis is performed over a ROI of 0.1 • , which corresponds to the point-like source treatment in H.E.S.S. We use the Mono standard configuration which only includes the events detected by the CT5 telescope.
The analysis gives the number of γ-ray-like events detected in the ON region, where the signal is expected, and the OFF region to compute the background noise. The ON region corresponds to a disk of 0.1 • angular radius in the direction of the source while the region OFF is defined according to the multiple-OFF method. This method allows the estimation of the residual background and the measure in the ON region simultaneously so that both are performed in the same conditions of observation and is described in [3] . As the ON region and all the OFF regions combined cover a different area, the acceptance corrected exposure ratio α is also provided which renormalizes the OFF region to the ON region area. From the analysis, we also obtain the γ excess and its significance σ . Table 1 summarizes the results of the analysis. We can conclude from it that no significant excess in the signal region has been observed towards WLM. This result can also be seen in the significance map (Fig. 2) where no excess is observed in the ROI. 
Statistical analysis and upper limits
A loglikelihood ratio test is performed on the data in order to constrain DM and set some upper limits on the DM annihilation cross section. The total likelihood function contains two terms, a product of a Poisson likelihood L P i on the events of all energy bins and a log-normal distribution L J of the J factor. This expression is written as
For an energy bin i, the likelihood function L P i of the event counts is the product of two Poisson likelihoods, one for each of the ON and OFF regions:
where N S i and N B i are the number of signal events and background events respectively for a given energy bin i and α is the ratio of the solid angles of the ON and OFF regions. To take into account the uncertainty on the J factor in our analysis, we introduce a log-normal distribution in the construction of our total likelihood function L which is given by
We perform a loglikelihood ratio test on the Poisson likelihood to set upper limits at 95% C.L. on the annihilation cross section σ v based on the method [6] . If the test statistics T S is less than 2.71, then the null hypothesis H 0 is valid at 95% C.L., whereas if T S is greater 2.71, H 0 is rejected. This criterion is used to set the upper limits on σ v . The nuisance parameter on J that models its uncertainties is included afterwards in the statistical analysis using the following property [7] :
with σ v 95%C.L. being the actual upper limits on the annihilation cross section, σ v 0 the upper limits computed without the uncertainties on the J factor,J the nominal or mean value of J and J unc the value of the J factor that maximizes Eq. (5.3) . This property allows a faster computational time for the statistical analysis.
Results
As no significant excess has been found towards WLM in the ROI, upper limits on the DM annihilation cross section σ v at 95% C.L. vs. the DM mass are computed using the loglikelihood ratio method for the bb, τ + τ − , W + W − and Z + Z − annihilation channels ( fig. 3 ). Each annihilation channel is treated individually which corresponds to a branching ratio of B f = 100% and all the spectra are simulated using Pythia [2] . We also include the uncertainties on J as a nuisance parameter in our analysis which makes the derivation of the upper limits more conservative. Figures 3 shows the upper limits obtained for all these annihilation channels with the solid lines being the observed limits, the dashed lines the mean expected limits and the dark (resp. light) bands representing the 1 σ (resp. 2 σ ) uncertainty bands. The mean expected limits and 1-2σ containment bands are derived from a sample of 100 Poisson realizations of the background events in the ON and OFF regions. The mean expected limits corresponds to the mean of the distribution of log 10 σ v on these 100 Poisson realizations and the uncertainty bands are given by the standard deviation of this distribution.
The observed upper limits on σ v at 95% C.L. reach the magnitude of σ v ∼ 10 −20 cm 3 .s −1 in the quark and boson annihilation channels at a DM mass of 1TeV. They improve by an order of magnitude in the leptonic annihilation channel with a σ v ∼ 10 −21 cm 3 .s −1 at 1 TeV. 
Conclusion
With its recent 19 hour observations towards WLM, H.E.S.S. is the first IACT experiment to observe a dwarf irregular galaxy to search for DM annihilation signals. As no detection of a significant signal has been made in the ROI, upper limits on the annihilation cross section at 95% C.L. have been derived for many individual annihilation channels with a branching ratio of B f = 100%. In the case of a continuum spectrum, the most constraining limits are given by the τ + τ − channel with a σ v ∼ 10 −21 cm 3 .s −1 at a DM mass of 1TeV. The upper limits derived in this work improve of a factor of 10 to almost 100 compared to those obtained by the HAWC experiment [1] .
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